Objectives: The aim of this clinical assessment was to ascertain whether a 70-year-old Canadian patient, who had no history of out-of-country travel, had contracted a Babesia infection. Methods: The adult human male developed constitutional symptoms, which included sweats, chills, and immobilizing fatigue, and was screened for human babesiosis. Subsequent testing included a complete Babesia panel that consisted of B. microti immunoflourescent antibody IgM and IgG, B. duncani immunofluorescent antibody IgM and IgG, Babesia PCR, and Babesia fluorescent in situ hybridization (FISH) test. Results: Both the IgM serology and the molecular FISH RNA probe were positive for B. duncani; all tests for B. microti were negative. Based on clinical symptoms and laboratory tests, the patient was diagnosed with human babesiosis. Interestingly, the patient's wife also was confirmed positive using serological and molecular testing. Conclusions: This is the first report of a locally acquired case of human babesiosis in Canada caused by Babesia duncani. The geographical distribution of B. duncani in North America is much greater than previously anticipated, especially north of the Canada-United States border. Since the patient was bitten by a blacklegged tick, Ixodes scapularis, a carrier of multiple zoonotic pathogens, the author suggests that this tick species is a vector of B. duncani. Health-care providers must be aware that B. duncani is present in Canada, and poses a public health risk.
Introduction
Babesiosis is a zoonosis caused by a malaria-like parasite typically transmitted by ixodid (hard-bodied) ticks (Acari: Ixodidae). Worldwide, there are over 100 Babesia species (Piroplasmida: Babesiidae) and, in North America, at least 4 Babesia species (i.e., Babesia bovis, Babesia canis, Babesia duncani, and Babesia microti) will cause human babesiosis. 1 Dating back to 1991, the archetypes of B. duncani isolates (WA1, CA5) originated from human patients in Washington state and California. 2 B. duncani is morphologically similar to, but molecularly and physiologically distinct from B. microti, a species that is common in central and eastern North America. 2 Babesia piroplasms are pleomorphic with diverse stages consisting of gametocytes (polymorphous), trophozoites (round, oval, pear-shaped, amoeboid), and merozoites (paired pear-shaped forms); the latter may exhibit a "Maltese cross" tetrad formation. 2 Pathologically, Babesia invades red blood cells, and will lyse them, and also has white blood cell involvement. 1 Babesia can be detected by blood smear, serology, fluorescent in situ hybridization (FISH) test, or nucleic acid-based tests, such as quantitative polymerase chain reaction (qPCR) and reverse transcription polymerase chain reaction (RT-PCR). 3 The blood smear depends on microscopic examination, which is labor intensive, difficult to process, and requires special taxonomic expertise. 3 With certain subsets of patients, such as neonates, elderly patients, or splenectomized and immunocompromised patients, human babesiosis may be severe or fatal. 4 Elsewhere, in Canada, human babesiosis, caused by B. microti, was recorded in southeastern Manitoba. 5 Although the patient did not recall a tick bite, researchers purported that a blacklegged tick, Ixodes scapularis, was the vector of B. microti. Anderson et al. 6 isolated B. microti from white-footed mice, Peromyscus leucopus; however, this small mammal is not indigenous to Manitoba. Therefore, the zoonotic reservoir of B. microti is likely another vertebrate, such as the deer mouse, Peromyscus maniculatus. It is noteworthy that both P. leucopus and P. maniculatus are competent reservoirs of B. microti and, likewise, the Lyme disease bacterium, Borrelia burgdorferi, a common spirochetal co-infection. Of epidemiological significance, the blacklegged tick is a vector of at least 10 tick-borne pathogens. Pertinent to the present case, the attached I. scapularis nymph (Figure 1 ) was likely the vector of B. duncani.
Case presentation
An adult human male, age 70, living in southern Ontario developed profound fatigue, night sweats, chills, malaise, fractured sleep, fever, increased thirst, body aches, mild headaches, joint pain, and loss of concentration 3 months following a tick bite. Of significance, the patient had been bitten by a tick while hiking locally, and it went unnoticed until the replete nymph (3.2 mm) dropped off in bed one morning. An erythematous macular rash developed at the bite site and lasted for 3 days (Figure 2) . A tick expert identified and confirmed the tick as an I. scapularis nymph and, when it was tested for B. burgdorferi, was found to be negative. Of note, the patient and his wife had not had any out-of-province travel. At initial presentation, the primary physician attributed the symptoms to "old age." Subsequently, another physician made a diagnosis of fibromyalgia, while a third physician diagnosed chronic fatigue syndrome. When the patient consulted the fourth physician, he had a fever of 39.4°C, and Babesia testing was authorized. Since I. scapularis ticks are carriers of Babesia infections, blood was sent to a Clinical Laboratory Improvement Amendments (CLIA)-approved laboratory specializing in tick-borne diseases. For thorough screening, the complete Babesia panel (B. duncani immunofluorescent IgM and IgG; B. microti immunofluorescent IgM and IgG; Babesia PCR; and B. duncani fluorescent in situ hybridization (FISH) RNA probe; B. microti FISH RNA probe) was used. Each of the individual serology tests and molecular assays for B. microti and B. duncani were run separately. Initially, the lab uses part of the 18S rDNA gene as the PCR target for the Babesia PCR test. This step is followed by PCR confirmation to differentiate either B. duncani or B. microti using specific RNA probes within the amplified amplicon target. Wilson et al. 7 provide the algorithm for the sensitive and species-specific digital droplet PCR assays that detect and distinguish between B. duncani and B. microti within the internal transcribed spacer (ITS) regions of the nuclear ribosomal RNAs. The serology was positive for IgM antibodies against B. duncani and the FISH RNA probe was positive for B. duncani, which, collectively, confirms the diagnosis. All testing for B. microti was negative. The patient had never received a blood transfusion and, hence, this medical fact rules out this portal of transmission.
Routine lab results were unremarkable except for the following: a low free T3: 2.3 (3.1-6.2) pmol/L, low sodium: 134 (135-145) mmol/L, and high amylase: 183 (30-110) µ/L. The liver function enzymes were gamma glutamyl transferase: 13 (14-62) µ/L, alanine aminotransferase: 24 (<50) µ/L, and aspartate aminotransferase: 31 (<35) µ/L. The high amylase reading is not uncommon for Babesia patients.
The patient was started on the standard treatment (atovaquone/proguanil and azithromycin), but quickly ran into drug intolerance. The patient developed urticarial-like rashes and upper quadrant pain. Since the half-life of atovaquone is 2.2-3.2 days (DrugBank), the treatment regimen for this patient was switched to atovaquone/proguanil (250 mg/100 mg) daily, pulsed 2 days on and 2 days off, without azithromycin. This change helped ameliorate inflammation and upper quadrant pain induced by babesial biotoxins and drug sensitivities. Fatigue and upper quadrant pain waxed and waned, and lifted gradually.
Because Babesia typically has a 4-month life cycle, 5 months of pulsed antimicrobials were administered. Since B. duncani can be recalcitrant and last for months or years, the patient is being monitored on an ongoing basis. Notably, the patient has a clinical diagnosis, which is reinforced and confirmed with serological and molecular testing, and has responded positively to Babesia treatment.
Discussion
A locally acquired case of human babesiosis, caused by B. duncani, is reported in Canada for the first time. The patient had characteristic symptoms (i.e. chills, sweats, episodes of profound fatigue) associated with human babesiosis and had positive IgM serology and positive FISH RNA probe testing for B. duncani indicating active parasitemia.
Of note, the patient's wife had positive IgM and IgG and, likewise, positive FISH RNA testing for B. duncani; the Babesia PCR was negative. Both the patient and his wife tested negative by Babesia PCR, which suggests low parasitemia. The patient's wife has never had a blood transfusion or an alternate sexual partner. Although sexual transmission of B. duncani was considered, it was more likely that the patient's wife, who is post-menopausal, acquired infection by a tick bite that went unnoticed. Notably, only 14% of patients remember a tick bite. 8 A patient, who is co-infected with ticktransmitted pathogens, may have acquired different pathogens either by a single co-infected tick or, sequentially, via ticks that each harbored a different pathogen. Piroplasms can be persistent in cells, [9] [10] [11] and hosts can be asymptomatic carriers.
When someone is diagnosed with moderate to severe Lyme disease, Babesia should be suspected in patients as a possible co-infection, especially if there has been a poor response to standard antibiotic treatment. 11 When human babesiosis is a concurrent infection with Lyme disease, symptoms are typically exacerbated.
Even though the antiquity of B. duncani is unknown, B. microti dates back 20-30 million years. 12 This intraerythrocytic hemoparasite was recently detected in a fossilized Amblyomma sp. nymph that was believed to be groomed from a monkey; this engorged nymph and its blood meal were preserved in amber located in a Dominican Republic cave. Some authors claim that patients must visit an endemic area to contract human babesiosis. 5 However, Neotropical and southern temperate songbirds annually introduce birdfeeding ticks during northward spring migration and widely disperse these ticks across Canada. 13 Hersh et al. 14 reported a triple infection (Anaplasma phagocytophilum, Babesia microti, Borrelia burgdorferi) in an I. scapularis nymph collected from a Veery, Catharus fuscescens, a Neotropical, ground-foraging songbird. This microbial triple infection reveals the capability of passerine migrants to transport birdfeeding ticks long distances and widely disperse Babesiainfected ticks, including I. scapularis, into new geographical areas. Since the patient was bitten by an I. scapularis nymph, and this tick species is a carrier of multiple tick-borne pathogens, the author suggests that I. scapularis is a vector of B. duncani. Moreover, B. duncani is morphologically similar to B. microti. 2 Biogeographically, B. duncani is currently reported throughout continental United States.
The zoonotic wildlife reservoir of B. duncani has not been confirmed in North America. Hornok et al. 15 reported four Babesia species in three ixodid bat tick species collected in Hungary and Romania. One of these species, Ixodes vespertilionis, is known to parasitize humans. Not only are certain passerines reservoir hosts, chiropterans may also be zoonotic reservoirs of Babesia species.
Babesia hemoparasites can unknowingly be transmitted to humans via blood transfusion. Although human babesiosis is currently not a nationally notifiable disease in Canada, it is in the United States. In Canada, the Canadian Blood Services conducted a large seroprevalence survey for Babesia and found nil Babesia antibody-positive donors. Apparently, Health Canada does not have an approved blood donor screening assay for Babesia piroplasms. Because blood donors can be asymptomatic carriers of B. duncani and B. microti, and the majority of people don't remember a tick bite, Canadian Blood Services needs to routinely monitor intake blood donors to prevent the risk of babesial transmission. The only mitigating strategy to protect transfusion recipients is to screen the blood supply using validated molecular tests to detect Babesia species and apply indefinite deferral for any donors who report a history of human babesiosis.
During pregnancy, a mother can transmit Babesia to the fetus congenitally. Cornett et al. 16 documented vertical transmission in a neonate whose blood had antibodies to B. microti. In this particular case, B. microti DNA was amplified from the placental tissue to confirm congenital infection, and definitively establishes that this babesial piroplasm can be transplacentally transmitted. Although it is unusual, neonatal babesiosis may cause morbidity and may be mistaken for other infections. 17 In conclusion, we report a locally acquired case of human babesiosis caused by B. duncani in Canada. The patient was not only diagnosed clinically, he was confirmed positive using serological and molecular methodologies. Biogeographically, the distribution of B. duncani in North America is much greater than previously thought. Since this patient had no history of out-of-country travel, and had not received a blood transfusion, he must have acquired B. duncani locally in southern Ontario. Since B. duncani and B. microti are often co-infections with B. burgdorferi, Lyme disease patients should also be screened for these Babesia piroplasms. Because wild birds widely disperse Babesia-infected ticks, especially I. scapularis, people do not have to frequent an endemic area to contract human babesiosis. Health-care professionals must be aware that Canadian patients who have been bitten by a tick or had a blood transfusion may be infected with B. duncani.
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